I review the state of affairs of the soft QCD physics program in the CMS experiment. Several new results have been released for public display over the last year. In particular, there are new CMS results on identified particle spectra, and several new Underlying Event measurements. I will discuss in general lines the scope of these measurements and the interpretation of the results.
occurs in a hadron-hadron collision at high center-of-mass energies [18, 19] . The ratio of the 2 → 2 partonic cross section with respect to the total one is the interpreted as the average number of these secondary partonic interactions occurring at typically softer energy scales than the primary one. The exact amount, the hardness of the secondary interactions and their energy evolution are a priori unknowns and need to be extracted from data. Measurements and interpretations are complicated due to the colored interactions between primary and secondary scatters and with the colliding hadron remnants. Ultimately, detailed measurements of the amount and the nature of multiple partonic interactions (MPI) will constrain the transverse partonic degrees of freedom in hadrons. Since the UA5 experiment as the CERN SppS, it is clear that multiple partonic scatters contribute significantly to the total hadronic activity in the final state of two colliding hadrons and need to be properly modeled. In the current LHC research program, the relevance is high due to the stringent requirements on jet energy and missing energy scales and resolutions and lepton isolation criteria. The Phojet [20, 21] , Pythia [22] and Herwig [23] generators accommodate models for multiple partonic interactions, that have been extensively compared with and, in the case of the latter two, tuned on early LHC data.
Triggers and detector performance
A detailed description of the CMS detector, algorithms and performances can be found in [24] . The detector has been in full operation since 2009, collecting p-p (and Pb-Pb and p-Pb) collision data at steadily increasing centre-of-mass energies ranging from 0.9 to 8 TeV. The minimal triggers that are required for collecting minimum bias data are located at forward pseudorapidities: 3.2 < |η| < 4.7 for a set of Beam Scintillator Counters (BSC), and the forward hadronic calorimeters (HF) located at 2.9 < |η| < 5.2. Coincidences between forward and backward detectors can be exploited to reduce some diffractive components of the interactions. Some studies described below rely on high transverse momentum jet or lepton triggers, for which the central electromagnetic and hadron calorimeters are used. All analyses described below rely on a precise and high granularity tracking and vertexing in order to measure inclusive, sometimes identified, particle spectra, count the multiplicity and compute the particle and energy flow in topological regions with respect to a leading object in the final state. The CMS silicon tracking system embedded in a 3.8 T solenoid field and consisting of three pixel layers and 10 strip layers within a full azimutal and |η| < 2.5 acceptance provides a state of the art instrument with primary vertex resolutions going down to 20 micrometer and a transverse momentum resolutions reaching the sub-percent level for central tracks [26] . Furthermore, the tracking detectors are capable of performing low momentum particle identification up to 1 GeV/c by exploiting the partial energy loss of particles in the active tracker material [25] .
Analysis results
The aforementioned particle identification procedure is now applied to obtain inclusive single particle spectra on triggered minimum bias events at √ s = 0.9, 2.36 and 7 TeV and recently published in [25] . The ratios of the spectra obtained for charged kaons and pions (and proton versus pions) are most relevant in this work. They are shown as function of the transverse momenta of the particles in figure 1. Both the K/π and p/π ratios grow with increasing transverse momentum of the particles and are fairly independent of the center-of-mass energy (due to space restrictions not shown here, but contained in Ref. [25] ). The trends are generally badly modeled by the most recent tunes of fragmentation models that include effects of multiple parton interactions. Note that, in general, most fragmentation models tend to underestimate the production of strange particles at high momenta. A second important observation, given the unexpected strong long range correlations seen in high multiplicity p-p collisions [29] , is that there is no increase of the K/π ratio with the total mutiplicity of the event. Additional samples ultra high multiplicity events recorded bu dedicated triggers could be further investigated in this context. A second category of analyses focuses on the so-called Underlying Event observables that probe the scale at which multiple partonic interactions become predominant and eventually saturate. For this, CMS uses the topological approach that was well established in the CDF experiment [32] , where an azimuthal region perpendicular to the leading track, jet, or other more massive object, is chosen, such that the dependence on the fragmentation of the leading jet and its recoil are minimized and maximal sensitivity to the soft component of the event that does not originate from the primary partonic interaction is achieved. The particle and scalar momentum sum density are typically measured in this region as a function of the p T of the leading object. A newly released measurement based on the leading track in the event [33] now supplements earlier results obtained with leading jets clustered from tracks [28] . In the same way, the underlying event activity was measured for Drell-Yan events, where the leading object consists of a high mass µ + µ − pair [27] . In figure 2 , one observes no increase of underlying event activity with increasing mass of the di-muon pair above M µµ = 40 GeV/c 2 . Another interesting feature is that the underlying event activity as a function of the transverse momentum of the di-muon pair, behaves very similar to the behavior seen in events with a leading jet [28] . Fig. 2 . Left: The UE activity, in terms of particle densities, as a function of the dimuon invariant mass for events with p µµ T < 5 GeV/c for charged particles having ∆φ < 120
• compared to the di-muon system [27] . The predictions of Pythia 6 Z2, Powheg Z2, Pythia 8 4C, and Herwig++ LHC-UE7-2 (with and without MPIs) are also displayed. Right: Comparison of the UE activity measured as the particle density in the region transverse to the leading object in leading jet [28] and Drell-Yan events (around the Z resonance peak) as a function of the leading jet p T and p T (µµ), respectively.
Model tunes on leading jet data also describe the underlying event in dimuon events equally well. Similar observations and model comparisons are made for neutral strange particles [31] , as shown in the right-hand side of figure 3 . This hints to a universality of the underlying event, which is scale dependent, but independent of the final state topology and particle species. [30] . The ρ distributions in each slice are unfolded with the Bayesian method. The error bars, which are mostly smaller than the symbol sizes, correspond to the total uncertainty. Right: Fully corrected average scalar p T sum for primary K 0 with p T (K) > 0.6 GeV/c, per unit of pseudorapidity and per radian in the transverse region as a function of the p T of the leading track jet [31] .
In addition to a charged particle counting, a novel approach based on the Jet Area [35] has been applied as well [30] . The jet area is essentially defined as the area in the η-φ plane in which a given jet clustering algorithm picks up random ghots particles with very small momenta that are uniformly scattered in this plane. It expresses the susceptibility of a jet to contamination from soft underlying hadronic activity. The median, ρ , of the distribution of the ratio of the jet p T 's and the jet area's is used as a robust estimator for the underlying hadronic activity and plotted in the left side of figure 3 versus the p T of the leading jet.
The typical conclusions drawn from the above measurements are that the steep rise around a scale of ∼ 10 GeV, corresponds to a steady decrease in average impact parameter between the two protons [36] and a resulting enhanced probability for multiple partonic interactions to occur. The steep rise is followed by a saturation of the underlying activity above as scale of ∼ 10 GeV, where the protons completely overlap and the MPI activity saturates. In a recent alternative, view [37] this idea is contested in the sense that high p T jet triggers do not necessarily impose a strong bias towards more central p-p collisions and, therefore, alter the generally small probability for multiple partonic interactions to occur. Reference [37] proposes alternatively a selection of events with a high charge multiplicity which should correspond to more central events with an enriched amount of MPI.
Finally, by using a dedicated very forward calorimeter, CASTOR, one side of the CMS detector, covering a rapidity range of −6.6 < η < −5.2, CMS compared the energy flow in this forward rapidity range between minimum bias and jet triggered data at several center-of-mass energies [34] . At √ s = 0.9 TeV, the proton remnant will be detected by CASTOR, while at √ s = 7 TeV, the proton remnant will fly outside of the CASTOR acceptance at much more forward rapidities. This means that in case of enhanced multiple partonic interactions in jet triggered events, the energy flow in CASTOR will be depleted at √ s = 0.9 TeV with respect to minimum bias events, while at √ s = 7 TeV, where the central rapidity plateau extends to the rapidity range covered by CASTOR, the energy flow will increase with respect to minimum bias events. This effect is illustrated in figure 4 . Note that cosmic ray MC generators reproduce this data very well, in addition to the latest Pythia and Herwig Underlying Event tunes. Fig. 4 . Energy density in the pseudorapidity range −6.6 < η < −5.2 in minimumbias events (left) and in events with a charged particle jet in the range |η jet | < 2 (right) as a function of √ s, normalized to the energy density at √ s = 2.76 TeV [34] . Corrected results are compared to MC models used in cosmic ray physics. Statistical errors are smaller than the markers size, while the gray band around data points represents the statistical and systematic uncertainties added in quadrature.
Conclusion
In terms of MPI model tuning, additional measurements have been added to the existing pool of data. There remains a tension in the agreement of these models with the various measurements. Overall, the post-LHC Pythia6, 8 and Herwig tunes perform adequately, with a slightly better performance of the Pythia6 post-LHC tunes Z1 and Z2. More measurements are planned in the near future to investigate the nature and the dynamics of multiple parton scattering, in particular the existence of double hard parton scatters. Ultimately, our hope is that these phenomena will be described by a full 3D picture of the partonic content of the proton that takes into account saturation effects and nonlinear evolution equations.
